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ȕʗ*4)ɚʂ Caenorhabditis elegans *­Ȁ̇ê>ƗǛ)ʗǌ>("
­Ȁ̇ê)ˤ=:ƱʐÕĽ&$IDy\|fKQT-2>ĆŃKQT-
2 +ka)$ŽɳȤ6$??Ɂ)ˤ=: KCNQ ĥIDy\|f*
t{N%9*g]MADaɚʂ%: kqt-2ıȣ®%+˗ȘǑ795­
Ȁ)Ʒ̇ê:ȣšʏ8;ɷčǼ&)ȩŵ 3.5 cm*ŋĵħĢ%
̃ɩĪą795ȩŵ 6 cm *ŋĵħĢ%̃ɩˮ) kqt-2 ıȣ®*­Ȁ
̇êȣšŰ("GFPv[>Țʗǌ8kqt-2ˌ©Ľ+˾ˑ
* ASK & ADL Ƈʒd}&ɱ%ȦȔ$9kqt-2 ıȣ®* ADL Ƈʒ
d}%ȏȣȧ) kqt-2 ˌ©Ľ>ȦȔ:&)7"$ kqt-2 ıȣ®*­
Ȁ̇êȣšęŻ;1%)ADL +Ȁũþňd}%:&
Ȯ8;$4ITDyCzUNǰ>Ț$ kqt-2 ıȣ®* ADL *
ȀũƀɃƁ>ȁŃ&<kqt-2 ıȣ®%+ȣšʏ8;ȵɕęʰ)
$ADL +˔Ɏþňd} URX *Ǹ)¬ɡ:&ĩċ;$
:%­Ȁ̇ê7- ADL*ȀũƀɃƁ):˔ɎƄĩ*ˤ˄Ɓ>














8)ȩŵ 6 cm &ȩŵ 3.5 cm *Ą*ŋĵħĢ*˔ɎȈũ>ȁŃ&















ATP  Adenosine triphosphate 
C. elegans Caenorhabditis elegans 
cDNA  Complementary DNA 
CFP  Cyan fluorescent protein 
cGMP  Cyclic guanosine monophosphate 
DiI  1,1’-Dioctadecyl-3,3,3’,3’-tetramethylindocarbocyanine perchlorate 
DNA  Deoxyribonucleic acid 
dNTPs  Deoxynucleotide triphosphates 
FOXO  Forkhead box-containing protein, O sub-family 
FRET  Fluorescence Resonance Energy Transfer 
GFP  Green fluorescent protein 
KQT  K+ channel related to QT interval 
LB  Luria-Bertani 
NGM  Nematode growth medium 
PCR  Polymerase chain reaction 
rGC  Receptor guanylyl cyclase 
RNA  Ribonucleic acid 
TRP  Transient receptor potential 
YC  Yellow cameleon 
















: (Dhaka et al. 2006)TRP\|f˹³Ŀȧ(ȀũþňzIdWyɚʂ
6TDUDiF)Ŀġ$:&ĩċ;$: (Shen et al. 2011; 
Takeishi et al. 2016) 
TDUDiF*ťʂ+Ȁũè˒)ɡ;:&Èþňd}





$: (Shen et al. 2011)bpTńˮ)Ȁũþň®&$Ǟɫ
:)#$+ǆȮ*ȉǤ;$:ǈȰȼ%+Ǡɇ*7	(Úȉ8ç






1.2 ɚʂ Caenorhabditis elegans 
 




ǙƉ;$9*	! 302¹+ȵɕɒɪ%: (Brenner 1974)C. elegans*
˾ˑ8Ŕˑ1%*Ɍ 3 Ǎ*Öȍ)7:˵Ľ̀ż˞Ïȫ*ʗǌ8˱˯Ć
®*Êȵɕɒɪ 302 ¹*TcpVƞə&L|]pɖąƺ8&("$:
&8 (White et al. 1986)ȵɕɋ*ʗǌ*{`çȎ&$5ĳ*ȰȼŅ%
°Ț;$:8)ʻŤ˵ Ľ̀ż˞ʗǌ8˯*Êȵɕf]aM5Ć
Ń;$9˱˯Ć®&˯%+ĴˑÕ*ȵɕɒɪËˁ%:)5ˤ=8
TcpVƞə&L|]pɖą*j[Ɍ 30 %ȣ(:&ĩċ; 















 C. elegans+ L1L2L3L4&Ď,;: 4#*ťʂǅ)Õ8;
*ŷ young adult >ɕ$ó>Ɩ"Ɖʂ)Ɖ˟:ɚʂ+ 25 %̃ɩ:&
Ɍ 2.5 Ƶ20 %Ɍ 3.5Ƶ17 % 5Ƶ15 %Ɍ 7Ƶ%ó8Ɖʂ)Ɖ˟
:˱ ˯Ć®%:&8ó&ɉĽ>¹®Í%þɉþɉó>ŲƉ
:4Ɯą=>:žʎ(1Ș%Ɍ 300 ¹*ó>ș3&
8̃ɩ6ɘ¢+˹š)ňƻ%:ɚʂ C. elegans*ȘɩȀũ+Ɍ 13 8
27 %9̃ɩȀũ 27 >ʮ

























(Mori and Ohshima 1995; Wittenburg and Baumeister 1999; Fielenbach and Antebi 2008; 
Kuhara et al. 2008; Glauser et al. 2011; Schild and Glauser 2013; Ohta et al. 2014)Ȁ







ĩ>©ˇ$:  (Takeishi et al. 2016)Ȍ)ō:ſˍʅç)+TRPV 
(Transient receptor potential channels of the vanilloid subtype) \|f*ɚʂt{
N%: OSM-96 OCR-2ˤ$9ȵɕɋ): OSM-9& OCR-2*
ǞɫȀũƄĩ©ˇ)ž˼%:&ȲĔ;$:  (Wittenburg and 
Baumeister 1999; Glauser et al. 2011; Schild and Glauser 2013)Ʋ%OSM-9&
OCR-2ȀũƇþƁ* TRP\|f%:&+ĩċ;$(TRP\|
f+ɱ%5ȦȔ$9ɱ):­ȀƇþƁ* TRP \|f%:






1.4 ɚʂ C. elegans*­ȀɥƁ̇ê 
 
;1%*Ȱȼ%ɚʂ C. elegans˗ȘǑ+̉Ȁ)8;:& dauer&
Ď,;:ɥƁťʂ)(:&Ȯ8;$­Ȁ)ō:ɥƁȔʦ)ˤ
$+ʗǌ˅?%("ʻŤ*ʗǌ8ɚʂ C. elegans˗ȘǑ+̉Ȁ 
%+(­Ȁ)ƿ˶;ˮ5ɥƁȔʦ>5#&Õ"$­Ȁɥ
ƁȔʦ&+±
,25 %̃ɩ˗ȘǑ N2+ 2 *­ȀÜȇ>
:&
ǣȄ:*)ō15 %̃ɩ˗ȘǑ+ 2 *­ȀÜȇ>
$5ȘĿ%
:Ȕʦ%: (Ohta et al. 2014; Okahata et al. 2016; Sonoda et al. 2016; Ujisawa et 
al. 2018)8)25 %̃ɩŷ)= 3Ƽˣ 15 )ɡ&)7"$ 2 
%ȘĿ%:7	)(:­Ȁ̇êȔʦʏ#"$  (Ohta et al. 2014; 
Okahata et al. 2016)ȠĄĢ%ñ˳; C. elegansĳĥǑ+ĳǚ(­Ȁ̇ê*
ʇȔĥ>Ȳ*­Ȁ̇ê*ĳǚƁ)ˤ=:õĚˌ©Ľ+Pgy*ʍƭ˽Ħ






ıê)ō$ˉƀ:zIdWy>Ɩ"$: (Murray et al. 2007; Savory et 
al.2011; Xiao et al. 2013; Ohta et al. 2014)C. elegans*­ȀɥƁ*ƉȾ)$









(Bargmann and Horvitz 1991)ɑĲ8˷ɹĦ*ǲ˟È>þň:Èþňd}
&$5Ȯ8;$: (Ward et al. 2008)ADLƇʒd}5 dauerɥƁ
ťʂ>ʜő:AVITb('* dauer nE{>þň:nE{þ
ňd}&$Ȯ8;$9 (Jang et al. 2012)1ſˍƁ*êŀȎʪ5
þň: (Troemel et al. 1997)­ȀɥƁ)$ASJ& ADL+Ë)Ȁũþň
d}&$Ǟɫ­ȀɥƁ>ʧ)Ûź$: (Ohta et al. 2014; Ujisawa 

















:ˌ©Ľ&$Ca2+³ĿƁ RNA Õʗ˓Ɏ ENDU-2 ĆŃ;$: 



























1997; Biervert et al. 1998; Charlier et al. 1998; Jentsch 2000; Singh et al. 2003)C. 
elegans)+KCNQĥIDy\|f*t{NĿġKQT (K+ channel 
related to QT interval) ĥ\|f&ć¡8;$:C. elegansPgy)+
KQTĥ\|f>Qb: 3#*ˌ©Ľ kqt-1kqt-2kqt-3Ŀġ$9
*ˌ©ĽșȎ*	!KQT-1& KQT-3+êŀþňd}ǞǓÜȇþň
d}ɱ%ȦȔKQT-2+ɱ%ȦȔ:&ĩċ;$: (Wei et 
al. 2005)ɱ%+ KQTĥIDy\|f+ƛµRCM>Ûź: Ca2+RC
M*·˅)˖ʎ(Ŵá>ǎ$:KQT-2& KQT-3+Čǅȧ( Ca2+/I
{U}³Ŀȧ(ɱ.* Ca2+ǸÉ*Ûź>ˁ$ƛµRCM>Ûź
$: (Nehrke et al. 2008)]a%+KCNQ\|f+´ņ­ȀƇþƁø
ȵɕɇd}̍TGd}̎%ȦȔ­ȀƇþƁ*Ûź)˖ʎ(Ŵá


















Qb: npr-1ˌ©Ľ)Ŀġ (de Bono and Bargmann 1998)oVa
ș N2 Ǒ+˰ěʅç>Ȳ(*)ō$N2 )$ npr-1 ˌ©Ľ>g]M
ADaıȣ®+˰ěʅç>Ȳ* npr-1 ıȣ®*˰ěʅç>Ȳȣš
+˔ Ɏþň®%: GCY-35:+ GCY-36*Ǟɫǟƥĥıȣ)7"$ƎĠ
;: (Cheung et al. 2004)GCY-35& GCY-36+ AQRPQRURXƇʒd}
%ȦȔ (Cheung et al. 2004; Gray et al. 2004)*	! URX˔Ɏþňd}
): GCY-35& GCY-36*Ǟɫ˰ěʅç)ˤ$: (Cheung et 
al. 2004; Zimmer et al. 2009)URX˔Ɏþňd})$˔Ɏ+˔Ɏþ
ň® GCY-35/36)7"$þň; (Cheung et al. 2004; Gray et al. 2004)êŀTc
pV&L|]pɖą>$ RMG ġd})ȩƞȵɕƄĩ©ˇ;
:URX ˔Ɏþňd}8*˔ɎƄĩ+ RMG ġd}>$















Ûź;$: (Fenk and de Bono 2017) 
 
 
















)ˤ=:˖ʎ(\|f&$À (Wittenburg and Baumeister 1999; Glauser et al. 






 ASH & ADL Ƈʒd}%Ǟɫ:&%¹®*˰ěʅç>·˅: 
(de Bono et al. 2002) 
OCR-2*bxcafJ_Boıȣ (OCR-2dn) +OCR-2dnt{\
|f>ŲƉĪą6˗ Șĥ*OCR-1 (OCR-1wt) &*q_\|fOCR-
2dn/OCR-1wt6˗Șĥ* OCR-4 (OCR-4wt) &*q_\|f OCR-2dn/OCR-
4wt>ŲƉĪą)\|f*Ǟɫ>ǷƁê:&)79Ʒǅ*șó
ȣš>ŭʭ&ɤ
8;$: (Jose et al. 2007)TRP\|f+ɚʂ*­
ȀɥƁ)5ˤ$:­ȀɥƁ>Ûź$:Ȁũþňd} ADL)
$3Ȼ́* TRP\|fRo~d]aADL*ȀũƄĩ©ˇ):
ʎ\|f&$Ǟɫ$: (Ujisawa et al. 2018)TRP \|f>Qb
: 3#*ˌ©Ľ%: ocr-2, osm-9& ocr-1ˌ©Ľ>ĆƼ)g]MADa
ocr-2 osm-9; ocr-1˖ıȣ®+­ȀɥƁ)ȣš>Ȳ (Ujisawa et al. 2018)
*ȣš+˖ıȣ®): ADLȀũþňd}*ȀũÜȇ)ō:ȵ
ɕƀɃ*­)7: (Ujisawa et al. 2018)3Ȼ́* TRP\|fRo~d]a
 ADL*ȀũƀɃ)ˤ:&+ʡ/8;$:*Ʋ%;;











 ɚʂ C. elegans+­Ȁ)ō$ɥƁ>5#&ĩċ;$:­
ȀɥƁ&+˗ ȘǑ%: N2Ǒ> 25 %̃ɩŷ) 2 )ȹ&ǣȄ:
*)ō15 %̃ɩŷ) 2 )ȹ&ȘĿ:Ȕʦ%:̍ ĝ 1  ̎ (Ohta 
et al. 2014)8)ɷčǼ&)ɚʂ+­Ȁ̇êȔʦ>5#&Õ"$
̍ĝ 1̎ (Ohta et al. 2014; Okahata et al. 2016)­Ȁ̇êȔʦ&+±
,
25 %̃ɩɚʂ>ƭƼˣ 15 )ȹ&)7"$ 2 %ȘĿ%Ćǚ
) 15 %̃ɩɚʂ>ƭƼˣ 25 )ȹ&)7"$ 2 %ǣȄ:Ȕ
ʦ%: (Ohta et al. 2014; Okahata et al. 2016)­ȀɥƁȔʦ+˾ˑ* ASJȀũ
þňd}Ȁũ>þňCV>Õǯɱ6ȵɕCV>





(Sonoda et al. 2016)Ʋ%­Ȁ̇ê)ˤ=:zIdWy)+ǆȮ(ȉĳǤ
;$: 
­Ȁ̇ê)ˤ=:Ʊʐˌ©Ľ>ĆŃ:4)ˆö)(=;
DNA wCMACʗǌ*ɖǎ>ÚȚ˗ȘǑ N2 Ǒ> 23 %̃ɩ
ŷ) 17 ) 4 ƼˣȀũTnaˮ)ȦȔıç:ˌ©Ľ&$79 ¹*ˌ





ȣ®Ŀġ:ɋɗ*­ȀɥƁ_Va(=; (Ohta et al. 2014)*	
!ǈȰȼ%+­ȀɥƁ)ȣšʏ8;(" 14ɋɗ)ˤ$­Ȁ̇ê_
Va>("̍ĝ 2A, B, Cĝ 3A, B, C ̎25 %̃ɩŷ) 15 ) 0
8 8Ƽˣɡ2 *­ȀÜȇ>
ȘĿȓ>ȁŃɖǎ˗ ȘǑ+ 25 
̃ɩŷ 2 *­ȀÜȇ>
:& 5 %*ȘĿȓ>Ȳ15 ) 3 Ƽˣɡ&
30 %8Ƽˣɡ& 44 %*ȘĿȓ>Ȳ̍ĝ 2A, B, C ̎;)ō$\
g*`kbPcY̍ dhs-4(tm2418) *̎ıȣ®+ 25 ̃ɩŷ 2 *­Ȁ
Üȇ>
:&˗ȘǑ N2 )ǧ/̉ȘĿȓ>Ȳȣšʏ8;̍ĝ 2A ̎




4(tm2418) ̎G [jMʪ α Ro~d]a̍gpa-7(pk610)̎*ıȣ®)$̉
ȘĿȓ>Ȳȣšʏ8;̍ĝ 2Bĝ 4B ̎8)25 ̃ɩŷ 15 )
8Ƽˣɡ$5 C-typeM\̍ clec-67(ok2770) *̎ıȣ®+ 2 *­ȀÜȇ>

:&ǣȄ:ȣš>Ȳ̍ĝ 2C ̎Cation transporting ATPase̍catp-
3(ok1612) ̎TV_Cp_AYˤ˄[jM̍ cpr-1(ok1344) ̎\g
*`kbPcY̍dhs-4(tm2418) ̎G [jMʪ α Ro~d]a̍gpa-
7(pk610) ̎˙ŗɖąƁ[jMʪ̍mtl-1(tm1770) ̎ATP ɖą[jM̍pmp-
1(ok773) ̎IDy\|f̍kqt-2(ok732) ̎Iu˔FV_ãǩÕʗ˓Ɏ
̍T28C12.4(tm1013)̎+ 25 ̃ɩŷ 15 ) 8Ƽˣɡ$ 2 *­ȀÜȇ>

:&˗ȘǑ)ǧ/$̉ȘĿȓ>Ȳȣš>Ȳ̍ĝ 2Cĝ 4C ̎1






15 ̃ɩŷ 2 *­ȀÜȇ>
:& 92 %*ȘĿȓ>Ȳ25 ) 3Ƽˣɡ
& 26 %8Ƽˣɡ& 4 %*ȘĿȓ>Ȳ̍ĝ 3A, B, C ̎;)ō$
DNAɖąʲÏĚĽ̍dmd-7(ok2276)̎*ıȣ®)$ȘĿȓ*­ʏ8;
̍ĝ 3A ̎15 %̃ɩŷ) 25 ) 3Ƽˣɡ&G[jMʪ αRo
~d]a̍ gpa-7(pk610) *̎ıȣ®)$̉ȘĿȓ>Ȳȣšʏ8;̍ ĝ
3B ̎ 
KQT ĥIDy\|f%: kqt-2ıȣ®+ 25 ̃ɩŷ 15 ) 3
Ƽˣ:+ 8 Ƽˣɡ2 *­ȀÜȇ>
:&ȘĿȓƸ:ȣš>
Ȳ̍ ĝ 4B, C ̎Ʋ%15 :+ 25 ̃ɩŷȀũTna) 2 
­ȀÜȇ>
$5 kqt-2 ıȣ®+ȣš>Ȳ("̍ĝ 4Aĝ 5A ̎1
15 ̃ɩŷ 25 ) 3Ƽˣ:+ 8ƼˣȀũTna2 *­ȀÜȇ
>








kqt-2(ok732) *­Ȁ̇êȣš kqt-2 ˌ©Ľ*ıȣ)7:5*%:
>ʡ/:4)XIbA%:kqt-2(tm642) *­Ȁ̇ê_Va>





ˑÕ*FKZǟƥ$:ıȣ%:4 (Wei et al. 2005)cıȣ%
:&ȲĔ;$:;8*ıȣ®*­Ȁ̇ê_Va>("ɖǎ
25 %̃ɩŷ 15 ) 3Ƽˣɡ2 *­ȀÜȇ>
:&kqt-2(tm642)+
kqt-2(ok732) &Ćǚ)­Ȁ̇êƸ:ȣš>Ȳ̍ĝ 6 ̎8)kqt-
2(ok732) *­Ȁ̇êȣš+˗Șĥ* kqt-2ˌ©Ľ> kqt-2(ok732) )őÉ:&




2.2 IDy\|f KQT-2+Ƈʒd}%ȦȔ: 
 
ˆö*Ȱȼ8IDy\|f KQT-2+ɱ%*2ȦȔ:&
ĩċ;$ (Wei et al. 2005)%kqt-2ıȣ®*­Ȁ̇êƸ*ȣš
ɱ*Ǟɫȣš)7"$ŭʭ;:&ɤ
kqt-2(ok732) )$ɱȏȣȧp
{[%: ges-1p)79ɱȏȣȧ) kqt-2 cDNA>ȦȔ­Ȁ̇ê
>ʡ/(8kqt-2(ok732) *­Ȁ̇êȣš+ɱȏȣȧ) kqt-2 cDNA
>ȦȔ$5ęŻ("̍ĝ 8 ̎;1%*ǈȰȼŅ*ʗǌ)79C. 
elegans *­ȀɥƁ+Ƈʒd}&ɱ%Ûź;$:&ĩċ;$
: (Ohta et al. 2014)*4Ƈʒd}ȏȣȧp{[%: osm-
6p>Ț$ kqt-2(ok732) %ȏȣȧ) kqt-2 cDNA>ȦȔ­Ȁ̇ê_Va>
("*ɖǎkqt-2(ok732) *­Ȁ̇êƸ*ȣš+Ƈʒd}ȏ






ȜǊ*ǸɌ 9 kb *p{[˽Ħ*Ǹ)PgyȜǊ* kqt-2 ˌ©Ľ* 1
ȢFKZ8 12 ȢFKZ1%ĉ1;˒×& GFP >#(pVx
b> Aguan D. Weiòİ79Õ$ KQT-2::GFPőÉ;˗Ș
Ǒ*ȦȔɒɪʗǌ>("&<GFP ʃÈ+ɚʂ*˾ˑƇʒd}
%ǖÔ;̍ĝ 9A, B ̎ˆö*ʢƯ)7:&kqt-2+ȵɕ%+ȦȔ(&
;$ (Wei et al. 2005)Ƈʒd}* kqt-2ˌ©Ľ*ȦȔr:
+ȦȔ˿ũɱ795ŮāɫƁ>ɤ
1 kb8 9 kb * kqt-2ˌ©Ľ*p
{[)7:Ƈʒd}*ȦȔ>ʡ/1 kb8 9 kb* kqt-2ˌ©
ĽȜǊ*p{[*Ǹ) kqt-2 *̏ȢFKZ8 12 ȢȨ*FKZ
GFP >ʄąpVxb>˗ȘǑ)őÉƇʒd}*ȦȔr>
Ń˘ê&<kqt-2::gfp+ǂ5ȯp{[̍ 1 kb %̎ȦȔrŰ
"̍ĝ 10A, B ̎*&8kqt-2ˌ©Ľ*ǸɌ 9 kbp{[˽
Ħ*)+ kqt-2ˌ©Ľ*ȵɕɒɪ*ȦȔ>ƎÛ:˒×Ŀġ:&ȲĔ
;8)kqt-2::gfp +HV*Ŕˑ*Çȿ1%ǝȐȽʭªů$:Ŕ
ˑ*Ƈʒd}%5ȦȔʏ8;̍ĝ 9C ̎ 
KQT-2::GFP>ȚȦȔɒɪʗǌ8KQT-2ȦȔ:˾ˑ*d}
+ƇʒǇȿ˾ˑÇȿ1%ª-$:Ƈʒd}%:&ȲĔ










b>þň:Ėʒd}&$Ȯ8;$: (Bargmann et al. 1993; Colbert 
and Bargmann 1995)AWAĖʒd})$éȎʪ+̐ęɲʨˁĥ*
þň®[jM)7"$þň; (Sengupta et al. 1996)G[jM>ǷƁê
˫CHʾˆ\|f%: TRP \|f̍OSM-9̎>ǷƁê: 
(Colbert et al. 1997)osm-9ıȣ®+ AWA*éƄĩ©ˇ)ȣš>Ȳ&8
fJ_BoQa&$°Ț̍ĝ 11A ̎˗ȘǑ+UAX\)ō
$êŀʬƁʅç>Ȳ*)ōosm-9 ıȣ®+ʬƁʅçʏ8;("
kqt-2 ıȣ®+˗ȘǑ&Ćǚ*ʇȔĥ>Ȳ̍ĝ 11A ̎Ćǚ)kqt-2 ıȣ®
)$AWCĖʒd}*rWA`kb)ō:êŀʬƁ_Va>





ʬƁʅç>Ȳ̍ĝ 11B ̎;8*ɖǎ8KQT-2 *Ǟɫɒɪ+ AWA d
}&AWCd}%+(āɫƁɤ
8;%AWA&AWC
£Ĳ*˾ˑ*ȏŃ* 6ō*Ƈʒd} (ADL, ASH, ASI, ASJ, ASK, AWB) >
ʫɹʃÈ%Ǐɹ: DiI Ǐɹǰ>Ț$ KQT-2 *ȦȔɒɪ>ʡ/kqt-2::gfp
>őÉɚʂ> DiIǏɹ˾ˑ*Ƈʒd}>ʕŌ&<DiI)
7"$Ǐɹ;: ADL& ASKƇʒd})$KQT-2::GFP*ȦȔ






%ȏȣȧ) kqt-2 cDNA>ȦȔ:&)79ęŻ:&8) kqt-2ıȣ
®* AWA& AWCĖʒd}*ĖʒƀɃǢš%:&	ɖǎ&ɶ
$:̍ĝ 8 ĝ 11A, B ̎KQT-2 *Ƈʒd}*ɒɪÍŕġ>ʡ/:
4kqt-2 ȜǊ*p{[*Ǹ) kqt-2 cDNA & GFP >ƙÉpVx
b>¯ʌŕġʗǌ>("*ɖǎKQT-2::GFP+Ƈʒd}
Ê®%ȦȔʏ8;ȏ)Ƈʒd}*ƇʒǇȿ&ɒɪ®%Ű GFP









8;:̍ĝ 9D ̎ 
 
 










("ADL Ƈʒd}ȏȣȧp{[%: sre-1p & ASK Ƈʒ
d}ȏȣȧp{[%: sra-7p >Ț$;;*d}
ȏȣȧ) kqt-2 cDNA > kqt-2 ıȣ®)ȦȔ­Ȁ̇ê_Va>("
̍ĝ 12 ̎*ɖǎkqt-2ıȣ®*­Ȁ̇êƸ:ȣš+ ADLƇʒd}
ȏȣȧ) kqt-2 cDNA>ȦȔ:&)7"$ęŻASKƇʒd}
%+ęŻ("̍ĝ 12 ̎ADLƇʒd}+ 1-octanol6AVIT
bnE{('ſˍƁ*êŀȎʪ>þň:Ƈʒd}&$Ȯ8;
$:41-octanol)ō: kqt-2ıȣ®*ſˍƁ*ʅç_Va>("
̍ĝ 13A, B ̎1-octanol+˾ˑ* ADLASHAWBƇʒd}%þň;
:&Ȯ8;$: (Troemel et al. 1995; Troemel et al. 1997; Hart et al. 1999)
fJ_BoQa&$ADL & ASH ): 1-octanol *þňƄĩ©
ˇ)ˤ=: TRP\|f OSM-9&ADL& AWB): 1-octanol*þňƄ
ĩ©ˇ)ˤ=: cGMP³ĿƁ\|f TAX-4*ıȣ®>Ț$ 1-octanol)ō
:ſˍʅç_Va>("̍ĝ 13A, B ̎*ɖǎ˗ȘǑ+ 1-octanol)ō
$ſˍʅç>Ȳ*)ōfJ_BoQa%: osm-9 ıȣ®
















"25 ̃ɩŷ*˗ȘǑ%+17 8 23 )Ȁũıêˮ) ADL
Ƈʒd}Í):IzH*ʃÈʷũǧɌ 910 ̌ıê̍ĝ
14A, B ̎;)ō15 ̃ɩ*˗ȘǑ%+ 25 ̃ɩ*˗ȘǑ795 ADL
Ȁũþňd}*Ȁũıê)ō:ITDyȈũıê­Ɍ 45 ̌
*ʃÈʷũǧ*ıêʏ8;̍ĝ 14A, B ̎£*ɖǎ8̃ɩȀũ)7"
$ ADLȀũþňd}*ȀũƀɃƁıê:&ȲĔ; 
25 ̃ɩŷ* kqt-2ıȣ®*ADLȀũþňd}*ȀũƀɃƁ>
ITDyCzUNʗǌ%ʡ/&<17 8 23 *Ȁũıê)ō
$kqt-2 ıȣ®* ADL %+˗ȘǑ)ǧ/ȀũƀɃƁ*ȵɕǷç*­ʏ
8;̍ĝ 15A, B ̎kqt-2ıȣ®* ADLȀũþňd}*ȀũƀɃƁ*­
ȣš+ADL Ƈʒd}ȏȣȧ) kqt-2 ˌ©Ľ>ȦȔ:&7"$
ęŻ̍ĝ 15A, B ̎(815 %̃ɩ kqt-2ıȣ®%+ADL
*ȀũƀɃƁ)ȣš+ʏ8;("̍ĝ 16A, B ̎£* kqt-2ıȣ®*I
TDyCzUN*ɖǎ+kqt-2 ıȣ® 25 ̃ɩŷ)­Ȁ̇êȣš>Ȳ
15 ̃ɩŷ* kqt-2ıȣ®+Ǣš(­Ȁ̇ê>Ȳ&&ɶ$:







2.4 KQTĥIDy\|f KQT-3+ KQT-2&ûō*Ŵá>ǎ 
 
ē́* KQT ĥIDy\|f%: KCNQ \|f+ǷƁê
:&)7"$ȵɕǷç>ƎÛ:&Ȯ8;$:ƅ)û$ kqt-2
ıȣ®%+Ȁũıê)ō: ADL*ȵɕǷç*­ʏ8;̍ĝ 15A, B ̎
%KQT-2'*7	)$ADL*ȵɕǷç>Ûź:>ʡ/:4)
ADLƇʒd}% kqt-2 cDNA>ˆàȦȔ˗ȘǑ*Ȁũ³Ŀȧ(I
TDyȈũıê>ȁŃkqt-2 ˌ©Ľ> ADL %ˆàȦȔ˗ȘǑ)
$ITDyCzUNʗǌ>("&<ADL *ȵɕǷçˆ
ǷƁê:ʇȔĥʏ8;̍ ĝ 17A, B ̎#19IDy\|f KQT-2+
˗ȘǑ* ADL )$ȵɕǷç>ǷƁê:À>5#&ȲĔ;
ē́*KCNQ2&KCNQ3+q_\|f>ŲƉ:&ĩċ;$: 
(Wang et al. 1998)*4KQT-251 * KQTĥIDy\|f&
ʍą®>ŲƉKQT-2 fJ_BoL}[&$ÀāɫƁɤ

8;C. elegans+ kqt-1kqt-2& kqt-3* 3Ȼ́* KQTĥIDy\|f
>Qb$:%kqt-1ıȣ®& kqt-3ıȣ®*­Ȁ̇ê_Va>
("kqt-1ıȣ®+­Ȁ̇ê)ȣš+ʏ8;("kqt-3ıȣ®%+­
Ȁ̇êƸ:ȣšʏ8;̍ĝ 18A-Fĝ 19 ̎kqt-3+ ADL>ĉ3ʍƭ
*Ƈʒd}%ȦȔ$:&ĩċ;$: (Wei et al. 2005)
%KQT-3Ȁũıê)ō: ADLƇʒd}*ȵɕǷç)ˤ="$:
>ʡ/:4)kqt-3 ıȣ®*ITDyCzUNʗǌ>("










ITDyCzUNʗǌ*ɖǎkqt-2 ıȣ®*Ȁũıê)ō: ADL *
ȵɕǷç*­+ kqt-3 ıȣ)7"$ƎĠ;kqt-3 ıȣ®&Ćǚ*ʇȔĥ>
Ȳ̍ĝ 20A, B ̎8)kqt-2; kqt-3˖ıȣ®*­Ȁ̇ê_Va*ɖǎ









2.5 TRP \|f OCR-1+ ADLƇʒd}*ȀũƀɃƁ*ʧ*ÛźĚĽ
&$À 
 








: OSM-9OCR-1 & OCR-2 +­ȀɥƁ)ˤOSM-9OCR-1& OCR-2
>$ ADL Í*ȀũƄĩ©ˇ(=;$:&ĩċ;$: 
(Ujisawa et al. 2018)1osm-9ıȣ®& ocr-2 osm-9; ocr-1˖ıȣ®+­Ȁ
ɥƁ)ȣš>Ȳocr-1 ıȣ®& ocr-2 ıȣ®*Ąñȑ*ıȣ®%+­Ȁɥ
Ɓ*ȣš+ʏ8;(" (Ujisawa et al. 2018)%ocr-1ıȣ®& ocr-2ı
ȣ®*Ąñȑ*ıȣ®)ˤ$­Ȁ̇ê_Va& ADLȀũþňd}*
ȀũƀɃƁ*ITDyCzUNʗǌ>("*ɖǎocr-1ıȣ
®& ocr-2ıȣ®+­Ȁ̇ê)ȣš>Ȳ("̍ĝ 21A, B ̎kqt-2ıȣ®
*­Ȁ̇êȣš+ ocr-1ıȣ)7"$ƎĠ;̍ĝ 22 ̎*&8­Ȁ
̇ê)$ocr-1 ıȣ+ kqt-2 ıȣ)ō$ˌ©ŀȧ)Ä¬%:&Ȳ
Ĕ;#19­Ȁ̇ê)ˤ$OCR-1& KQT-2+ˌ©ŀȧ)Ćɕʰ
%¯Ț$:&ɤ






˗ȘǑ)ǧ/$Ƹ:ȣšʏ8;̍ĝ 23A, B ̎8)osm-9; ocr-1
˖ıȣ®& ocr-2; ocr-1˖ıȣ®*ITDyCzUN>("ɖǎ
ocr-1 ıȣ®)$ ADL *ȀũƀɃƁƸ:ȣš+osm-9 ıȣ1+
ocr-2ıȣ)7"$ƎĠ;̍ĝ 24A, Bĝ 25A, B ̎£*ɖǎ8osm-9











ɃƁ*ˣ*ʇȔĥ>Ȳ̍ĝ 26A, B ̎£*ĳ˖ıȣ®): ADL*
ȀũƀɃƁ*ITDyCzUNʗǌ8ADL Ȁũþňd}Í)











:ʇȔĥʏ8;ó8Ɖʂ1%ȩŵ 3.5 cm*ŋĵħĢ̍ȩŵ 3.5 cmp
a %̎̃ɩŷ) 2 *­ȀÜȇ>
$5˗ ȘǑ& kqt-2ıȣ®*ˣ%
̀ɾ(­Ȁ̇ê*ŝ+ʏ8;("&<˗ȘǑ& kqt-2ıȣ®>ȩŵ












Ȁũþňd}­Ȁ̇ê>Ûź:&ȲĔ;̍ ĝ 12ĝ 15A, B ̎
ADL +ſˍƁ*êŀȎʪ>þň:Ėʒd}&$5Ȯ8;$9ſ
ˍȎʪ%:AVITbnE{)ō:ADLƇʒd}*ȵɕƀɃ
Ɓ+˔ɎȈũ*ų˺>þ:&ĩċ;$: (Fenk and de Bono 2017)
Ì®ȧ)+˔Ɏþňd}%: URXƇʒd}+ RMGġd}
>$ˣƞȧ) ADL*ȵɕǷç>ıê:&ȵɕęʰr
%ʏ#"$: (Fenk and de Bono 2017);8*Ƅĩ>5&)ȩŵ 3.5 cm












*ɖǎșóŷ 52Ƽˣ8 64Ƽˣŷ)$ȩŵ 6 cmpa*Ĵɱɽ
*˔ɎȈũ+ŁŃ$Ɍ 15 %*˔ɎȈũ>Ȳ*)ōȩŵ 3.5 cmp












35 ıȣ®+­Ȁ̇ê*­>Ȳ* gcy-35 ıȣ®*­Ȁ̇ê*­+
kqt-2 ıȣ®Ȳ­Ȁ̇ê*Ƹ&+ûō*ʇȔĥ%"8)gcy-35
ıȣ)7"$ kqt-2ıȣ®*­Ȁ̇ê*ƸȣšƎĠ;̍ĝ 29 ̎1
ITDyCzUNʗǌ8kqt-2 ıȣ®* ADL Ƈʒd}*Ȁũ
ıê)ō:ȵɕǷç*­5 gcy-35 ıȣ)7"$ƎĠ;̍ĝ 30 ̎£





4)˔ ɎȈũ>ıǀ%:CK}r[>Ț$20 ̌˔ɎȈũ10 ̌
˔ɎȈũ5 ̌˔ɎȈũ%̃ɩŷ*˗ȘǑ& kqt-2ıȣ®*­Ȁ̇ê*ʇȔ
ĥ>ʡ/˗ȘǑ%+20 %˔ɎȈũ& 10 %˔ɎȈũ%Ą̃ɩŷ*­
Ȁ̇ê)ŝ+ʏ8;("5 %˔ɎȈũ%̃ɩ:& 20 %˔ɎȈũ
%̃ɩ˗ȘǑ)ǧ/$­ȘĿȓ>Ȳ̍ĝ 31 ̎*&8˗ȘǑ
)$5­Ȁ̇ê+̃ɩ˔ɎȈũ)ų˺;:&ȲĔ;kqt-2 ıȣ
®+­˔ɎȈũ̍10 %:+ 5 %̎%̃ɩ;:&˗ȘǑ&Ćǚ)­Ȁ
̇ê%­ȘĿȓ>Ȳ̍ĝ 32 ̎*ɖǎ+˔ɎȈũ­ȩŵ 3.5 






˔Ɏþňd}%˔Ɏþň®&$À GCY-35 *ıȣ®%+URX %þ
ň;˔ɎƄĩ ADL)©ˇ;(4gcy-35ıȣ®*­Ȁ̇ê*ʇȔ
ĥ+̃ɩ˔ɎȈũ*ų˺>þ(&ƅʗǌ>("̍ĝ 33 ̎*
ɖǎ20 %˔ɎȈũ& 10 %˔ɎȈũ%̃ɩŷ* gcy-35ıȣ®%+­Ȁ̇ê)
Ą̃ɩǉ¥ˣ%̀ɾ(ŝ+ʏ8;("̍ ĝ 33 ̎&<ƅ)û$gcy-
35ıȣ®> 5 %˔ɎȈũ%̃ɩ:&20 %˔ɎȈũ%̃ɩĪą79
5­ȘĿȓ>Ȳ̍ĝ 33 ̎Ćǚ)10 ̌˔ɎȈũ1+ 5 ̌˔ɎȈũ
%̃ɩ; gcy-35; kqt-2˖ıȣ®+20 ̌˔ɎȈũ%̃ɩ; gcy-35; 































2 ˌ©Ľ+˗ȘǑ N2> 23 %̃ɩŷ) 17 ) 4 ƼˣȀũTna:
&)7"$ȦȔƸ:&ĩċ;$: (Sugi et al. 2011)ǈȰȼ*­
Ȁ̇ê_Va*ǉ¥&$ɚʂ> 25 %̃ɩŷ) 15 ) 3 Ƽˣɡ
2 *­ȀÜȇ>
:ń̈ɋ>Ț*4˗ȘǑ)$25 )















2/KQT-3 q_\|fŲƉ;ǷƁê KQT-3 t{\|fI
DyCH>ˆà)ƪÔ:&)7"$Ȁũıê)ō: ADL*ȵɕǷ
ç­&ɤ










ȵɕǷç>ƸTRP \|f%: OCR-1+ OCR-2/OSM-9*fJ_B
oL}[&$À&)7"$ADL *ȵɕǷç>­:&
="̍ĝ 35 ̎*7	)KQTĥIDy\|f& TRP\|f+
́«ÛźǞǙ%\|f*ˢˡ>Ûź$:&ȲĔ;kqt-2; 
ocr-1˖ıȣ®*­Ȁ̇ê&ITDyCzUN*ʗǌ8KQTĥI
Dy\|f& TRP \|f+Ùɕʰ%À&)7"$ ADL *ȵɕǷç>
ʡɇ­Ȁ̇ê>Ûź$:&ȲĔ;̍ ĝ 35 ̎Ȁũıê:&











ˆö* DNAwCMACʗǌ*ɖǎ8˗ȘǑ> 23 %̃ɩ
ŷ) 4Ƽˣ 17 )˸ɡˮ)ȦȔıç:ˌ©Ľ&$ 79ˌ©Ľñ˳
; (Sugi et al. 2011);8 79ˌ©Ľ*	!ǂ5ȦȔ˘Ƹ&$
ñ˳;FbeMAY>Qb: endu-2 ˌ©Ľ*ıȣ®+ 20 
:+ 25 %̃ɩŷ)­ȀɥƁƸ:ȣš>Ȳ (Ohta et al. 2014; 
Ujisawa et al. 2018)8)endu-2ıȣ®+Ȁũıê)ō: ADLȀũþňd
}*ȵɕǷç­:ȣšʏ8; (Ujisawa et al. 2018)IDy
\|f>Qb: kqt-2 ˌ©Ľ+ endu-2 ˌ©Ľ)Ǡ% 2 ȢȨ)ȦȔ˘
Ƹˌ©Ľ&$ñ˳; (Sugi et al. 2011)kqt-2ıȣ®%+ 25 %̃
ɩŷ) 15 ) 3 Ƽˣɡ$ 2 *­ȀÜȇ>
:&˗ȘǑ)ǧ/$Ș
ĿȓƸ:ȣš>ȲADL *Ȁũıê)ō:ȵɕǷç­:ȣš
ʏ8;*­Ȁ̇êȣš& ADL *ȀũıêƼ*ȵɕǷç*ȣš+ ADL
d}%ȏȣȧ) kqt-2ˌ©Ľ>ȦȔ:&)7"$ęŻ8)
ADL%ȦȔ: TRPV\|f*˖ıȣ®̍ocr-2 osm-9; ocr-1̎%+­Ȁɥ
Ɓ*Ƹȣšʏ8;ADL *ȵɕǷç­:ȣš5Ȳ&ĩċ;






















8;:̍ĝ 36 ̎ 
 ­ȀɥƁ>Ûź:&ĩċ;$: ASJ d}+Ȁũ 
%+(È5þň:&ĩċ;$: (Ward et al. 2008)ADL51
Ȁũ %+(AVITbnE{6 1-octanol ('*êŀȎʪ>þň
:&ĩċ;$: (Troemel et al. 1995; Troemel et al. 1997; Jang et al. 2012)
8)ADL*Ǹ)Ŀġ: URXƇʒd}+˔Ɏ>þňRMG
ġd}>$ADL*AVITbnE{)ō:ȵɕǷçıê























































$:&="$: (Ohta et al. 2014; Sonoda et al. 2016; 





8;: (Okahata et al. 2019) 
 ®ɰ*˔Ɏþňd} URX )$˔Ɏþň®&$À GCY-
35*ıȣ®%+­Ȁ̇ê*­ʏ8;gcy-35ıȣ+ kqt-2ıȣ®*­Ȁ̇ê
*Ƹ& ADL *ȵɕǷç*­>ƎĠ120 %& 10 %˔ɎȈũ%̃
ɩ gcy-35 ıȣ®*­Ȁ̇ê+ı=8("kqt-2 ıȣ®+ 10 %˔Ɏ
Ȉũ%̃ɩƲ 20 %˔ɎȈũ̃ɩŷ* kqt-2 ıȣ®795­Ȁ̇ê­







:&ȲĔ;˗ȘǑ& gcy-35 ıȣ®> 5 %˔ɎȈũ%̃ɩ





































Dy\|f­Ȁ̇ê>Ûź: ADL Ȁũþňd}*Ǹ)+ URX




















ɚʂ C. elegans*̃ɩǰħĢ6 Buffer*ɔƉɁ+ The Nematode Caenorhabditis 
Elegans)Ÿ" (Wood and Researchers 1988) 
 
°Țɚʂɋɗ 
N2 Bristol England, KHR181 kqt-2(ok732), kqt-2(tm642), CX4544 ocr-2(ak47), CX4652 
ocr-2(ak47) osm-9(ky10), ZK64 kqt-3(aw1), KHR182 kqt-3(aw1); kqt-2(ok732), 
CX4533 ocr-1(ok132), KHR183 ocr-1(ok132); kqt-2(ok732), KHR184 ocr-2(ak47); kqt-
2(ok732), CX6448 gcy-35(ok769), KHR185 gcy-35(ok769); kqt-2(ok732), RB1415 catp-
3(ok1612), VC693 cgt-1(ok1045), RB2095 clec-67(ok2770), RB1262 cpr-1(ok1344), 
FX2418 dhs-4(tm2418), RB1772 dmd-7(ok2776), FX2468 F58E6.7(tm2468), NL795 
gpa-7(pk610), RB1373 gpdh-1(ok1558), RB883 kqt-2 (ok732), CZ1758 max-1(ju142), 
FX1770 mtl-1(tm1770), FX830 pgp-9(tm830), RB908 pmp-1(ok773), T28C12.4(tm1013), 
CX0010 osm-9(ky10), FK127 tax-4(p678), VC1149 C25B8.4&kqt-1(ok413), KHR186 
tax-4(p678); kqt-2(ok732), FX05415 gsp-4(tm5415), KHR187 gsp-4(tm5415); kqt-
2(ok732), kqt-2(ok732); Ex[pKDK66, pAK62], kqt-2(ok732); Ex[kqt-2 genomic gene, 
pKDK66, pAK62], kqt-2(ok732); Ex[ges1-p::kqt-2, pKDK66, pAK62], kqt-2(ok732); 
Ex[osm-6p::kqt-2, pKDK66, pAK62], N2; Ex[pMSK029 kqt-2p(1 kb)::kqt-2 genomic 
gene(1st to 12th exon)::gfp, pRF4], N2; Ex[pMSK030 kqt-2p(2.3 kb)::kqt-2 genomic 
gene(1st to 12th exon)::gfp, pRF4], N2; Ex[pMSK031 kqt-2p(4.6 kb)::kqt-2 genomic 





7p::kqt-2 cDNA pAK62, pKDK66], kqt-2(ok732); Ex[sre-1p::kqt-2 cDNA, pAK62, 
pKDK66], N2; Ex[sre-1p::yc3.60, pRF6], kqt-2(ok732); Ex[sre-1p::yc3.60, pRF6], kqt-
2(ok732); Ex[sre-1p::kqt-2 cDNA, sre-1p::yc3.60], N2; Ex[sre-1p::kqt-2 cDNA, sre-
1p::yc3.60], kqt-3(aw1); kqt-2(ok732) Ex[sre-1p::yc3.60], kqt-3(aw1); Ex[sre-
1p::yc3.60], ocr-1(ok132); Ex[sre-1p::yc3.60], ocr-2(ak47); Ex[sre-1p::yc3.60], osm-
9(ky10); ocr-1(ok132); Ex[sre-1p::yc3.60], ocr-2(ak47); ocr-1(ok132); Ex[sre-




OP50Ǒ: ɚʂ*̆&$ NGMpa)īş 
 
̀ż˞ 
ʾˆŬń®̀ż˞ (OLYMPUS SZX12) (Olympus Corporation, Japan) 
ʾˆŬń®ʃÈ̀ż˞ (NIKON SMZ18) (Nikon Corporation, Japan) 
Olympus IX81̀ż˞ (Olympus Corporation, Japan) 
Ëȋȉ̀ż˞  ̉Ƈũ`B_M[¡  (FV1000-IX81 with GaAsP PMT) 
(Olympus Corporation, Japan) 
 
ɚʂ>̃ɩ:*)°ȚħĢ 
ħĢ*¯ʌ)+ÊɴçħĢ¯ʌʊɡ MEDIA CLAVE10 (INTEGRA Biosciences, 





NaCl20 g*¦ˏŋĵ̍¦ˏ̂đśǗǑŬ¨ȴƵǈ ̎2.5 g* Bacto Peptone 
(Becton Dickinson, USA)975 ml* H2O>MEDIA CLAVE10*Í˚)É;20
Õ 121 %ãȌȄɽ*ŷ 60 )¸Ȁ$8 1 ml * MgSO4ȃǻ (1 
M)1 ml* CaCl2ȃǻ (1 M)1 ml* Cholesterolȃǻ (5 mg/ml in EtOH)25 ml
* Potassium Phosphateȃǻ (1 M, pH 6.0) >ã
;>ȩŵ 6 cm*T|
) 14 ml:+ 3.5 cm*T|) 6 ml#˵çÕǳǞ̍FH-10SS, ǑŬ
¨ȴkIƵǈ̎%Õǳ$Ğ4 
 
AmTÉ9 LB (Luria-Bertani) pa 
H2O 500 mlLB Broth Lennox (Becton Dickinson, USA) 10 g¦ˏŋĵ̍¦ˏ̂đ
śǗǑŬ¨ȴƵǈ 1̎0 g>ʖnVQ('*ɥȌňĘ)É;$ǽąH
aMo%ãȌȄɽ*ŷƧƔ(8Ɍ 50 )Ð1$8Am
T (100 mg/ml) 1,000 µl>ã




H2O 200 mlLB Broth Lennox (Becton Dickinson, USA) 4 g>zUDyȗ)É;$
ǽąHaMo%ãȌȄɽ 
 
C. elegans*Òɖ¸Ŀ)Ț Freezing Solution (2,000 ml) 
NaCl 10.85 gKH2PO4 9.8 gNa2HPO4 6 gGlycerol 300 g1 M NaOHȃǻ 5.6 ml
>zUDyȗ)ã





Mo%ãȌȄɽŷ) 1 M MgSO4ȃǻ 1.3 ml>ã
 
 
M9 buffer (1000 ml) 
KH2PO4 3 gNa2HPO4 6 gNaCl 5 gH2O 1000 ml>ǽąHaMo%




ȩŵ 3.5 cm:+ȩŵ 6 cm* NGMpa%̆%: E. coli OP50>îÕ
)
 C. elegans>ʗǌ)Ț11+ 2¹®# OP50ī8;Ʊ
 2 % (w/v) NGM pa)ɡ (P0)Ą̃ɩȀũ% 1224 Ƽˣ̃ɩɌ
100¹*ó>ș1P0>˩öó (F1) Ɖʂ)(:1%15 *Īą+
132150Ƽˣ25 *Īą+ 5267Ƽˣ̃ɩpa* F1¹®Ɖ
ʂ1%Ɖ˟ŷNGMpa*ŋĵħĢ½>Ǫ*) 20Õ˸ɡ20Õ
ŷ 2 *ÐʁŪ (CRB-41A, Hitachi, Japan) )ȹ$ 48Ƽˣ˸ɡ2 % 48
Ƽˣ˸ɡŷ15 ) 1Ƶ˸ɡȘ$:ɚʂ&ǣ?%:ɚʂ>ƭ

1ę*A]XC)+ 3pa£ȚƆȣ(:Ƶ) 3ę£ʙ 9p
a£>Ȃ¾ (Ujisawa et al. 2014) 
 
­Ȁ̇ê_Va 
­Ȁ̇ê_Va+ˆö*ʢƯ>÷ɤ)$(" (Ujisawa et al. 2014)ȩ
ŵ 3.5 cm:+ȩŵ 6 cm* NGMpa%̆%: E. coli OP50>îÕ)














ɡ20Õŷ 2 *ÐʁŪ (CRB-41A, Hitachi, Japan) )ȹ$ 48Ƽˣ˸ɡ
2 % 48 Ƽˣ˸ɡŷ15 ) 1 Ƶ˸ɡȘ$:ɚʂ&ǣ?%
:ɚʂ>ƭ
1ę*A]XC)+ 3pa£ȚƆȣ(:Ƶ) 3ę
£ʙ 9pa£>Ȃ¾ (Ujisawa et al. 2014) 
 
kaT]M)7:HV*ýŹ 














ǟĸıȣ>ƗǛ&Ɗ˒ (±: kqt-2(ok732)) 
˱˯Ć®* kqt-2(ok732) (P0) & N2; ExUDA17[pAK62 AIYp::gfp, pKDK66 ges-











kqt-2 ˌ©ĽÊ˟>˗ȘǑ*Pgy>˜ĥ&$ PCR ǰ>Ț$p{[
˽Ħ>ĉ3 DNAưȍ>ĮŢ˵ǨǴç>("Ȩȧ*ib>Ö9Ô
Iy>Ț$PƓÔɍȎ>ý9˩ɔɟȏȣȧ( kqt-2ıȣ
®*ęŻń̈)+ Aguan D. Weiòİ79Õ$  kqt-2 cDNA*Ǹ
)ȏȣȧp{[>ƙÉpVxb>ȚőÉ:ˌ©Ľ&C













Ex Taq (Takara Bio, Japan) >Ț PCR 
1 µl* 10 × Ex Taq Buffer0.8 µl* 2.5 mM dNTP MixtureȃǻȨȧ*ˌ©Ľ˽
Ħ>ĮŢ:4*nGbpCw&iVpCw>Ą 10 µM
% 0.5 µl#0.05 µl* Ex Taq_pa&(: DNA> 100 ng£)(:
7	)ã
Ê˘ 10 µl)(:7	) dH2O>É;$7ǽąRwR
CM  LifeECO (Hangzhou Bioer Technology, China) :+ LifeTouch 
(Hangzhou Bioer Technology, China) *ȀũpNy+94 > 2Õ94 >
15ȸ58 > 30ȸ72 ̍30ȸ/1 kb̎> 1RCM&42ęɠ9ʼ
15 %¸Ŀ 
 
KOD -Plus- Neo (ǋǵɏƵǈ) >Ț PCR 
5 µl* 10 × PCR Buffer for KOD -Plus- Neo5 µl* 2 mM dNTPsȃǻ3 µl* 25 
mM MgSO4 ȃǻȨȧ*ˌ©Ľ˽Ħ>ĮŢ:4*nGbpCw
&iVpCw>Ą 10 µM% 1 µl#1 µl* KOD -Plus- Neo_p
a> Genomic DNA 200 ng/50 µlPlasmid DNA 50 ng/50 µl)(:7	)
ã
Ê˘ 50 µl)(:7	) dH2O> 200 µl\}o)É;$7ǽą





LifeTouch (Hangzhou Bioer Technology, China) *ȀũpNy+2V_]p
:+ 3V_]p*pNy>Ț2V_]p*Īą+94 > 2Õ
98 > 10ȸ68 ̍30 sec/1 kb̎> 1RCM&35ęɠ9ʼ15 %
¸Ŀ3V_]p*Īą+94 > 2Õ98 > 10ȸ°Ț:pC
w* Tm»)ą=Ȁũ% 30ȸ68 ̍30 sec/1 kb̎> 1RCM& 35
ęɠ9ʼ15 %¸Ŀ 
 
LA Taq (Takara Bio, Japan) >Ț PCR 
1 µl* 10 × LA PCR Bufferll (Mg2+ free)0.8 µl* 2.5 mM dNTPs Mixtureȃǻ0.6
0.8 µl* 25 mM MgCl2ȃǻȨȧ*ˌ©Ľ˽Ħ>ĮŢ:4*nGb
pCw&iVpCw>Ą 10 µM% 0.25 µl#0.1 µl* LA Taq
_pa&(: DNA> 1 µg£)(:7	)ã
Ê˘ 10 µl)(:7	
) dH2O> 200 µl\}o)É;$7ǽąRwRCM LifeECO 
(Hangzhou Bioer Technology, China)  :  + LifeTouch (Hangzhou Bioer 
Technology, China) *ȀũpNy+94 > 2Õ94 > 30ȸpCw











PCR ĮŢĮŢșȎ>˵ǨǴçP8ɉʌ$5 × In-Fusion HD 
Enzyme Premix (Takara Bio, Japan) 2 µl&ɚȐêrM[&CRa>;;
100 ng)(:7	)ã






çŷP8ɉʌ$ɚȐêrM[̑ CRa = 1:3*áą%ǽą
rM[&CRa*ǽąȃǻ̑Ligation high Ver. 2 (ǋǵɏƵǈ) = 1:1*á







20 µl)pVxb DNAȃǻ> 12 µlÉ;ʴǽ$8K}r]a*˭ˣ
)ǱȾ(7	ǳƆ(8É;MicroPulser (Bio-Rad, USA) *i)
Ĉ>ȱʛ$ƙÉpulse &ǁ;u[>ƒ180 µl * LB ǻ®ħ







-80 )¸Ŀ$:Qm_aX DH10β >Ǫ%ȃȃ








* kqt-2ˌ©ĽǸ 3.2 kb&Ê$*FKZ>ĉ? ˽Ħ> PCR)79ĮŢ
˵ǨǴçŷ)PƓÔ$ɉʌ5*>°Țkqt-2 ıȣ®*ɒɪȏȣȧ
(­Ȁ̇êęŻń̈)ȚpVxb+£*Ʋǰ%¯ʌpMSK008+
Kozak˒×& kqt-2 cDNA*Ǹ) unc-54ˌ©Ľ* 3’UTR>ĉ?%:
* pMSK008* kqt-2 cDNA*Ǹ)ɱȏȣȧp{[ges-1p (3.3 kb)Ƈʒ
d}ȏȣȧp{[osm-6p (2.1 kb)ASKȏȣȧp{[sra-7p 
(4.2 kb)ADLȏȣȧp{[sre-1p (1.2 kb) >;;ƙÉpMSK004
pMSK005pMSK007pMSK024>¯ʌǈȰȼ%ʕŌ kqt-2::gfp*p
Vxb+ Aguan D. Weiòİ79Õ$ *pVxb+ kqt-2
ˌ©Ľ*Ǹ 9 kbp{[˽Ħkqt-2ˌ©Ľ* 1ȢȨFKZ8 12Ȣ
ȨFKZĉ1;PgyȜǊ*ˌ©Ľ˒×*Ǹ) GFPőÉ;$ 
(Wei et al. 2005)*pVxb>Å) Inverse PCRǰ>Ț$Ȩȧ˒×>ĮŢ





1 kb)ɜ4pVxb̍ pMSK031pMSK030pMSK029 >̎¯ʌ̍ ĝ 10A ̎
KQT-2 *ŕġʗǌȚ*pVxb%: kqt-2 cDNA::gfp (pMSK028) *¯ʌ)
+GFPĉ1;$: pPD95.75>rM[pVxb)Țkqt-2ˌ©Ľ
*Ǹ 9 kb*p{[˽Ħ& kqt-2 cDNA > GFP *Ǹ)ƙÉ*ˮ







:4) P0>ý9˩jnBy% NGM pa>ŊˡJVi





:1% 25 *CK}r[% 5267Ƽˣ̃ɩŷ15 *CK}r[
)ȹ3Ƽˣ˸ɡ15 % 3Ƽˣ̃ɩŷjD\ʈ)É;11NGM
pa*ŋĵħĢ½>)$Ǫ) 20Õ˸ɡ20ÕŷjD\ʈ8
NGMpa>ý9Ô[]j)ȹ$ 2 *ÐʁŪ (CRB-41A, Hitachi, 
Japan) % 48Ƽˣ˸ɡ2 % 48Ƽˣŷ15 ) 1Ƶ˸ɡȘ$:
ɚʂ&ǣ?%:ɚʂ>ƭ
1ę*A]XC) 3paȚƆȣ(:Ƶ






˔ɎȈũ+ OXY-1 SMA (PreSens Precision Sensing GmbH, Germany)>Ț$˔
ɎȈũ>Èŀȧ)ȁŃ˔ ɎXR\]p SP-PSt3-NAU-D5-YOP (PreSens 
Precision Sensing GmbH, Germany) >ȩŵ 3.5 cm:+ȩŵ 6 cm* NGMp
a*̆%:Ĵɱɽ*)ɡ̆>îÕ)











DiI Ǐɹ)79˶Ô$:˾ˑ*d} (ADL, ASH, ASI, ASJ, ASK, 
AWB) &Ŕˑ*d}  (PHA, PHB) Ǐɹ;: DiI Ǐɹ+
WORMATLAS *paQ  (http://www.wormatlas.org/EMmethods/DiIDiO.htm) 
>÷ɤ)("DiI*Va]Mȃǻ (5 mg/ml) >É;\}o+Ax
tC>Ş$ˊÈ-20 %¸Ŀɚʂ> DiIǏɹ:ˮ)+ DiIVa













ˌ©ĽőÉ+;1%)ĩċ;$Ʋǰ>5&)(" (Mello et al. 
1991)ˌ ©ĽőÉ*ˮco-injection mix)+ń̈)°Ț: DNA>;; 5
50 ng/µl *Ȉũ%É;CUEMTwI)+ pKDK66 ges-




20 g *¦ˏŋĵ̍¦ˏ̂đśǗǑŬ¨ȴƵǈ ̎1,000 ml * H2O > MEDIA 
CLAVE10 (INTEGRA Biosciences, Switzerland) % 20Õ 121 %ãȌȄɽ
*ŷ 60 )¸Ȁ$8 1 ml * MgSO4ȃǻ (1 M)1 ml * CaCl2ȃǻ (1 
M) 25 ml* Potassium Phosphateȃǻ (1 M, pH 6.0) >ã
;>ȩŵ 9 cm









al. 2010)̆%: E. coli OP50>îÕ)
Ɖʂ 2, 3ë>Ɍ 200ë*
ó>ș1ʗǌ:¹®*Ɖ˟˂ũ>ą=:4)Ɍ 20Ƽˣŷ)ʔ (P0) 
>ý9˩ó8Ɖʂ1% 20 %̃ɩſˍʅç*ʗǌȚpa)+
ȩŵ 9 cm*êŀʬƁȚpa [2 % agar, 1 mM MgSO4ȃǻ, 1 mM CaCl2ȃǻ, 
25 mM potassium phosphateȃǻ (pH 6.0)] >°Țȩŵ 9 cm*êŀʬƁȚ
pa+ 12 ìȟ (#1-12) )ɁÕ$20 %̃ɩ$Ɖʂ>
NGi]n@% 1.5 ml\}o)ęüɚʂŨ)ǭ? *>ȱʛŷ)
Ȇ2>ý9˩8) NGi]n@> 1 mlã
ɚʂŨ)ǭ? *
>ȱʛŷ)Ȇ2>ý9˩Ćǚ*ƨ¯>5	ũ(ʙ 2 ę






ɅŬ̍Avoidance index̎)ű$+4$ʙɅ>("̍ĝ 13B ̎pa
ķ*wU]M%Ĝ=;ˑÕ̍ Ø4)ɚʂ>ɡ¬ɡ *̎¹®ƭ+¯Ǘ*ʿ
%¿#āɫƁ:4IDa);(" 
Avoidance index = ΣWiNi/N, [Wi: -2.5 (#1), -2.0 (#2), -1.5 (#3), -1.0 (#4), -0.5 (#5), -








êŀʬƁ_Va+ Bargmann8*ʢƯ)Ÿ"$(" (Bargmann et al. 1993)
ȩŵ 9 cm *êŀʬƁȚpa*ƣȦƁʜŭȎʪ>ɡ¬ɡ)wU]M% A
̍A+ Attractant̍ ʜŭȎʪ̎*Ɔč ̎F[g>¬ɡ) C̍ C+ Control
*Ɔč ̎ɚʂ>ɡĪƋ>ķɚ%ʚɚʂ> 3ëɡ20 %ó>ș1
ŷ P0>ý9˩20 %̆>îÕ)
ǉ¥% F1>̃ɩ$Ź8;
Ɖʂ¹®̍150300¹®/6 cm NGMpa̎>_Va)°Țȩŵ 6 cm
* NGMpa)M9 buffer 1 ml>ã
ɚʂ> 1.5 ml\}o)ęü
\}o*Ũ)îÕǭ? ŷǾ>˩8)M9 buffer 1 ml>ã
ɚ
ʂŨ)ǭ? &)Î-Ǿ>˩Ƕǹ̍2 ę ̎êŀʬƁȚpa
* Aȉ& Cȉ) 1 M NaN3ȃǻ>;; 1 µl#ȅêŀʬƁȚp
a*ķɚ)ɚʂ> 3 ȉ)Õ$Vv]aVv]aŷ_B]T}
KyCp*Çȿ>ɒ4ǩÕ((:1%Ċ"pa* A ȉ)
ƣȦƁéȎʪ>ɎƷ 4 µl ȅC ȉ)+Qa&$ȃļ%:





½*¹®ƭ>;;* A (attractant) & C (control) &$ʙȁChemotaxis 
Index>Ŭ Chemotaxis Index =̍A):¹®ƭ  C):¹®ƭ̎/̍A):






āɫƁ:4IDa)É;("̎̍ ĝ 11C ̎ 
 
in vivo ITDyCzUN 
ǈȰȼ* ADL * in vivo ITDyCzUN+ˆö*ʢƯ)Ÿ"$(
" (Kuhara et al. 2011; Ohnishi et al. 2011)ITDyCzUN&+Èˌ©
ŀ>Ț$ȵɕɒɪÍITDyȈũıê>Ń˘ê:ƍʆ%:ǈȰȼ%




















ʗǌ>("ʗǌ)+25 :+ 15 %̆îÕ)Ŀġ:ħĢ
%̃ɩƉʂ>ȚITDyCzUNʗǌ>(	űƵ8 2Ƶ
Þ1%) 24 × 24IiJV*)2 % (w/v) AJVj]b>¯ʌ
AJVj]a*)ITDyCzUNȚ*ɋɗ Ex[sre-1p::yc3.60] 
>Ɍ 4ëɡíȥȚƞȭßAAn@ A̍ ɀËǑŬ¨ȴƵǈ̎%˾
ˑ&Ŕˑ>ĞŃM9 buffer>Ĥ886IiJV>Ɯ
wdK}A%ŏ>$ɿȦ>˦ ʗǌ)+ 4 ë*	!ƞȭß%	1Ğ
Ń%¹®>°ȚRp> Olympus IX81 microscope (Olympus 
Corporation, Japan) )ʊ¾;$: ITO JVpa (Tokai Hit, Japan) *
)ɡ2Õ0'ɡDual-View optical system (Molecular Devices, USA) >
Ț$ʃÈ>ʕŌʃÈȟÁ+ EM-CCD Iz Evolve 512 (Photometrics, 
USA) %1 × 1ldNEM Gain 10030 ms*˶ÈƼˣ% 1ȸ&)Ʀų
JVpa*Ȁũ+IV[yzCbȀũÛźTV_y (Tokai Hit, Japan) 
)7"$ÛźȀũ>ʚ˝;;*ȟÁ*ʃÈŰũ+ MetaMorph 
Image Analysis Software (Molecular Devices, USA) )79ʗǌɒɪÍ*I
TDyȈũ*Ȫōıê+ YC3.60 * acceptor/donor̍̋ɹʃÈ» / ˷ɹʃÈ»̎
ʃÈ*ǧ%ʙɅÊ$*ibjVnB[+ YC3.60)$;1%
*ĩċ>÷ɤ)(Kuhara et al. 2011);;*ǲ˟)ˉibjVnB
[>ȚIV[yzCbȀũÛźTV_y>Ț$17 →23 
→17 *ȀũıêÜȇ>








JVj]a>¯ʌVCbJV*) 2 % (w/v)*AJVP
>¯ʌ100 mM NaN3ȃǻ> 10 µl ȅ*) 510 ë*Ɖʂ>ɡ
ɚʂ>ĞŃ8IiJV>*pja>Ëȋȉ̀
ż˞ (FV1000-IX81 with GaAsP PMT, Olympus Corporation, Japan) *V_U)
ʕŌ)ˉnB[)ą=$ʃÈȟÁ>ƦųƦų)+ FV10-
ASW software (Olympus Corporation, Japan) >ȚǈȰȼ*ʕŌ)Ț kqt-
2::gfp *pVxb+ Aguan D. Wei òİ79Õ$ *pV
xb+ kqt-2ˌ©Ľ*Ǹ 9 kb*p{[˽Ħkqt-2ˌ©Ľ* 1ȢȨFK
Z8 12 ȢȨFKZĉ1;PgyȜǊ*ˌ©Ľ˒×*Ǹ) GFP 
őÉ;$ (Wei et al. 2005)*pVxb>Å) Inverse PCR ǰ>Ț
$p{[˽Ħ>;; 4.5 kb2.3 kb1 kb)ɜ4pVxb>¯
ʌʃÈʕŌ>("̍ĝ 9A, B, C ̎ 
 
TVFzaʗǌ 
˗ȘǑ* kqt-2ˌ©Ľ*p{[˽Ħ 9 kb4.5 kb2.3 kb1 kb* kqt-2::gfp
*pVxb>;;˗ȘǑ)őÉʕŌ)+̆ îÕ)Ŀġ:ħĢ
%̃ɩƉʂ>Ț24 × 24IiJV*)2 % (w/v) AJVj
]b>¯ʌAJVj]a*) kqt-2::gfp>őÉɋɗ>ɡí






>$ɿȦ>˦ Rp> Olympus IX81 microscope (Olympus Corporation, 
Japan) *V_U)ɡʃÈ>ʕŌʃÈȟÁ+ EM-CCD Iz
Evolve 512 (Photometrics, USA) %EM Gain 70Exposure time 200 msS
j13340ºōȎW*ǉ¥%ƦųƇʒd}*ɒɪ®% GFP
ȦȔ$:¹®*ţģʷũ»> MetaMorph Image Analysis Software 
(Molecular Devices, USA) >Ț$ƭ»ê 
 
ɗʙʗǌ 
­ȀɥƁ_Va+ 8 pa£œ(&5 3 ę*A]XC>("
Ê$*ĝ)ʇʚ;$:ǛȂʞŝ+ standard error of the mean (SEM) >ʇ$
:Ê$*`[*ÕƬ+ǢʐÕş:&¤Ńjza]MǖŃ%:
Tukey-Kramerǰ& Dunnett’sǖŃ1+ÕƬɁ(&¤Ń 2Ǜǈ)
7: tǖŃ̍ Welch >̎Ț$ʗǌĳ˖ǧʵ)+ Tukey-Kramerǰ& Dunnett’s
ǖŃ>Ț$Dunnett’sǖŃ+ȢŜ*ǔNn& *Np>ǧʵ2
ɢǧʵ)+ unpaired t test (Welch) >°"ĝ* (*) & (**) +;; p < 
0.05& p < 0.01>Ɔč:unpaired t test (Welch) )+`[Õǌ^̍Excel
AbC̎>ȚTukey-Kramerǰ& Dunnett’sǖŃ)+w]Mɗʙʗǌ ver. 
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Genetic Center (CGC)National Bioresource Project (Japan) ʥƹţ ƫƚThe 
Rockefeller University Cori Bargmann ƫƚpVxb>ơ²$ 1
ćĀŖĴŀ ǕːƂ ƫƚıȣ®)ã
$pVxb>ơ²$ 1
 Center for Integrative Brain Research Aguan D. Wei òİ)ôȳȞ
11ƵǈŀʆƘɷ¨ ȏÙȰȼĒ DC)ƝȚ ȷȰʩơ²)7
:ȰȼƩƤ> 1&)ôȳȞ18)ŀ¬ʢƯ*
¯ƉƗő>$ 1ȝðĴŀõɈ ƫƚƵˑřŦ ƫƚǿʹǵ
ţ ƫƚǈĳĴʶ ƫƚțƾĽ ÑƫƚĈǢÝ ƫƚɻŘ¼ ƫƚǿ









Abd-Elsayed AA, Ikeda R, Jia Z, Ling J, Zuo X, Li M, Gu JG. 2015. KCNQ channels in 
nociceptive cold-sensing trigeminal ganglion neurons as therapeutic targets for 
treating orofacial cold hyperalgesia. Molecular Pain 11: 45. 
 
Bargmann CI, Hartwieg E, Horvitz HR. 1993. Odorant-selective genes and neurons mediate 
olfaction in C. elegans. Cell 74: 515-527. 
 
Bargmann CI, Horvitz HR. 1991. Control of larval development by chemosensory neurons 
in Caenorhabditis elegans. Science 251: 1243-1246. 
 
Biervert C, Schroeder BC, Kubisch C, Berkovic SF, Propping P, Jentsch TJ, Steinlein OK. 
1998. A potassium channel mutation in neonatal human epilepsy. Science 279: 403-
406. 
 
Brenner S. 1974. The genetics of Caenorhabditis elegans. Genetics 77: 71-94. 
 
Charlier C, Singh NA, Ryan SG, Lewis TB, Reus BE, Leach RJ, Leppert M. 1998. A pore 
mutation in a novel KQT-like potassium channel gene in an idiopathic epilepsy 






Cheung BH, Arellano-Carbajal F, Rybicki I, de Bono M. 2004. Soluble guanylate cyclases 
act in neurons exposed to the body fluid to promote C. elegans aggregation behavior. 
Current Biology 14: 1105-1111. 
 
Colbert HA, Bargmann CI. 1995. Odorant-specific adaptation pathways generate olfactory 
plasticity in C. elegans. Neuron 14: 803-812. 
 
Colbert HA, Smith TL, Bargmann CI. 1997. OSM-9, a novel protein with structural 
similarity to channels, is required for olfaction, mechanosensation, and olfactory 
adaptation in Caenorhabditis elegans. The Journal of Neuroscience 17: 8259-8269. 
 
Cook SJ, Jarrell TA, Brittin CA, Wang Y, Bloniarz AE, Yakovlev MA, Nguyen KCQ, Tang 
LT, Bayer EA, Duerr JS, Bülow HE, Hobert O, Hall DH, Emmons SW. 2019. 
Whole-animal connectomes of both Caenorhabditis elegans sexes. Nature 571: 63-
71. 
 
de Bono M, Bargmann CI. 1998. Natural variation in a neuropeptide Y receptor homolog 
modifies social behavior and food response in C. elegans. Cell 94: 679-689. 
 
de Bono M, Tobin DM, Davis MW, Avery L, Bargmann CI. 2002. Social feeding in 






Dhaka A, Viswanath V, Patapoutian A. 2006. Trp ion channels and temperature sensation. 
Annual Review of Neuroscience 29: 135-161. 
 
Fenk LA, de Bono M. 2017. Memory of recent oxygen experience switches pheromone 
valence in Caenorhabditis elegans. Proceedings of the National Academy of 
Sciences of the United States of America 114: 4195-4200. 
 
Fielenbach N, Antebi A. 2008. C. elegans dauer formation and the molecular basis of 
plasticity. Genes & Development 22: 2149-2165. 
 
Glauser DA, Chen WC, Agin R, Macinnis BL, Hellman AB, Garrity PA, Tan MW, 
Goodman MB. 2011. Heat avoidance is regulated by transient receptor potential 
(TRP) channels and a neuropeptide signaling pathway in Caenorhabditis elegans. 
Genetics 188: 91-103. 
 
Gray JM, Karow DS, Lu H, Chang AJ, Chang JS, Ellis RE, Marletta MA, Bargmann CI. 
2004. Oxygen sensation and social feeding mediated by a C. elegans guanylate 
cyclase homologue. Nature 430: 317-322. 
 
Hart AC, Kass J, Shapiro JE, Kaplan JM. 1999. Distinct signaling pathways mediate touch 
and osmosensory responses in a polymodal sensory neuron. The Journal of 





Jang H, Kim K, Neal SJ, Macosko E, Kim D, Butcher RA, Zeiger DM, Bargmann CI, 
Sengupta P. 2012. Neuromodulatory state and sex specify alternative behaviors 
through antagonistic synaptic pathways in C. elegans. Neuron 75: 585-592. 
 
Jentsch TJ. 2000. Neuronal KCNQ potassium channels: physiology and role in disease. 
Nature Review of Neuroscience 1: 21-30. 
 
Jose AM, Bany IA, Chase DL, Koelle MR. 2007. A specific subset of transient receptor 
potential vanilloid-type channel subunits in Caenorhabditis elegans endocrine cells 
function as mixed heteromers to promote neurotransmitter release. Genetics 175: 
93-105. 
 
Kimura KD, Fujita K, Katsura I. 2010. Enhancement of odor avoidance regulated by 
dopamine signaling in Caenorhabditis elegans. The Journal of Neuroscience 30: 
16365-16375. 
 
Kuhara A, Ohnishi N, Shimowada T, Mori I. 2011. Neural coding in a single sensory neuron 
controlling opposite seeking behaviours in Caenorhabditis elegans. Nature 
Communications 2: Article number: 355. 
 
Kuhara A, Okumura M, Kimata T, Tanizawa Y, Takano R, Kimura KD, Inada H, 





controlling behavior of C. elegans. Science 320: 803-807. 
 
Mello CC, Kramer JM, Stinchcomb D, Ambros V. 1991. Efficient gene transfer in C. 
elegans: extrachromosomal maintenance and integration of transforming sequences. 
EMBO Journal 10: 3959-3970. 
 
Montell C. 2005. The TRP superfamily of cation channels. Science Signaling 2005: Article 
number: re3. 
 
Mori I, Ohshima Y. 1995. Neural regulation of thermotaxis in Caenorhabditis elegans. 
Nature 376: 344-348. 
 
Murray P, Hayward SA, Govan GG, Gracey AY, Cossins AR. 2007. An explicit test of the 
phospholipid saturation hypothesis of acquired cold tolerance in Caenorhabditis 
elegans. Proceedings of the National Academy of Sciences of the United States of 
America 104: 5489-5494. 
 
Nehrke K, Denton J, Mowrey W. 2008. Intestinal Ca2+ wave dynamics in freely moving C. 
elegans coordinate execution of a rhythmic motor program. The American Journal 
of Physiology-Cell Physiology 294: C333-344. 
 





Coumel P, Petit C, Schwartz K, Guicheney P. 1997. A novel mutation in the 
potassium channel gene KVLQT1 causes the Jervell and Lange-Nielsen 
cardioauditory syndrome. Nature Genetics 15: 186-189. 
 
Ohnishi N, Kuhara A, Nakamura F, Okochi Y, Mori I. 2011. Bidirectional regulation of 
thermotaxis by glutamate transmissions in Caenorhabditis elegans. EMBO Journal 
30: 1376-1388. 
 
Ohta A, Kuhara A. 2013. Molecular mechanism for trimeric G protein-coupled 
thermosensation and synaptic regulation in the temperature response circuit of 
Caenorhabditis elegans. Neuroscience Research 76: 119-124. 
 
Ohta A, Ujisawa T, Sonoda S, Kuhara A. 2014. Light and pheromone-sensing neurons 
regulates cold habituation through insulin signalling in Caenorhabditis elegans. 
Nature Communications 5: Article number: 4412. 
 
Okahata M, Ohta A, Mizutani H, Minakuchi Y, Toyoda A, Kuhara A. 2016. Natural 
variations of cold tolerance and temperature acclimation in Caenorhabditis elegans. 
The Journal of Comparative Physiology B 186: 985-998. 
 
Okahata M, Wei AD, Ohta A, Kuhara A. 2019. Cold acclimation via the KQT-2 potassium 





Article number: eaav3631 
 
Savory FR, Sait SM, Hope IA. 2011. DAF-16 and Delta9 desaturase genes promote cold 
tolerance in long-lived Caenorhabditis elegans age-1 mutants. PLOS ONE 6: 
Article number: e24550. 
 
Schild LC, Glauser DA. 2013. Dynamic switching between escape and avoidance regimes 
reduces Caenorhabditis elegans exposure to noxious heat. Nature Communications 
4: Article number: 2198. 
 
Sengupta P, Chou JH, Bargmann CI. 1996. odr-10 encodes a seven transmembrane domain 
olfactory receptor required for responses to the odorant diacetyl. Cell 84: 899-909. 
 
Shen WL, Kwon Y, Adegbola AA, Luo J, Chess A, Montell C. 2011. Function of rhodopsin 
in temperature discrimination in Drosophila. Science 331: 1333-1336. 
 
Singh NA, Westenskow P, Charlier C, Pappas C, Leslie J, Dillon J, Anderson VE, 
Sanguinetti MC, Leppert MF, Consortium BP. 2003. KCNQ2 and KCNQ3 
potassium channel genes in benign familial neonatal convulsions: expansion of the 
functional and mutation spectrum. Brain 126: 2726-2737. 
 





Neuron in Temperature Tolerance of Caenorhabditis elegans. Cell Reports 16: 56-
65. 
 
Sugi T, Nishida Y, Mori I. 2011. Regulation of behavioral plasticity by systemic 
temperature signaling in Caenorhabditis elegans. Nature Neuroscience 14: 984-992. 
 
Takeishi A, Yu YV, Hapiak VM, Bell HW, O'Leary T, Sengupta P. 2016. Receptor-type 
Guanylyl Cyclases Confer Thermosensory Responses in C. elegans. Neuron 90: 
235-244. 
 
Troemel ER, Chou JH, Dwyer ND, Colbert HA, Bargmann CI. 1995. Divergent seven 
transmembrane receptors are candidate chemosensory receptors in C. elegans. Cell 
83: 207-218. 
 
Troemel ER, Kimmel BE, Bargmann CI. 1997. Reprogramming chemotaxis responses: 
sensory neurons define olfactory preferences in C. elegans. Cell 91: 161-169. 
 
Ujisawa T, Ohta A, Ii T, Minakuchi Y, Toyoda A, Ii M, Kuhara A. 2018. Endoribonuclease 
ENDU-2 regulates multiple traits including cold tolerance via cell autonomous and 
nonautonomous controls in Caenorhabditis elegans. Proceedings of the National 






Ujisawa T, Ohta A, Okahata M, Sonoda S, Kuhara A. 2014. Cold tolerance assay for 
studying cultivation-temperature-dependent cold habituation in C. elegans. 
Protocol Exchange 2014 (032): 1-6. 
 
Ujisawa T, Ohta A, Uda-Yagi M, Kuhara A. 2016. Diverse Regulation of Temperature 
Sensation by Trimeric G-Protein Signaling in Caenorhabditis elegans. PLOS ONE 
11: Article number: e0165518. 
 
Wang HS, Pan Z, Shi W, Brown BS, Wymore RS, Cohen IS, Dixon JE, McKinnon D. 1998. 
KCNQ2 and KCNQ3 potassium channel subunits: molecular correlates of the M-
channel. Science 282: 1890-1893. 
 
Wang Q, Curran ME, Splawski I, Burn TC, Millholland JM, VanRaay TJ, Shen J, Timothy 
KW, Vincent GM, de Jager T, Schwartz PJ, Toubin JA, Moss AJ, Atkinson DL, 
Landes GM, Connors TD, Keating MT. 1996. Positional cloning of a novel 
potassium channel gene: KVLQT1 mutations cause cardiac arrhythmias. Nature 
Genetics 12: 17-23. 
 
Ward A, Liu J, Feng Z, Xu XZ. 2008. Light-sensitive neurons and channels mediate 
phototaxis in C. elegans. Nature Neuroscience 11: 916-922. 
 





elegans. Conserved properties and modulation. The Journal of Biological Chemistry 
280: 21337-21345. 
 
White JG, Southgate E, Thomson JN, Brenner S. 1986. The structure of the nervous system 
of the nematode Caenorhabditis elegans. Philosophical Transactions of the Royal 
Society B: Biological Sciences 314: 1-340. 
 
Wittenburg N, Baumeister R. 1999. Thermal avoidance in Caenorhabditis elegans: an 
approach to the study of nociception. Proceedings of the National Academy of 
Sciences of the United States of America 96: 10477-10482. 
 
Wood WB and the Community of C. elegans Reserchers 1988. The Nematode 
Caenorhabditis elegans. The Cold Spring Harbor Labolatory Press 
 
Xiao R, Zhang B, Dong Y, Gong J, Xu T, Liu J, Xu XZ. 2013. A genetic program promotes 
C. elegans longevity at cold temperatures via a thermosensitive TRP channel. Cell 
152: 806-817. 
 
Zimmer M, Gray JM, Pokala N, Chang AJ, Karow DS, Marletta MA, Hudson ML, Morton 
DB, Chronis N, Bargmann CI. 2009. Neurons detect increases and decreases in 
oxygen levels using distinct guanylate cyclases. Neuron 61: 865-879. 











N2.25 ℃&#%	)2 ℃)$'$-*)#15 ℃&#
%	)2 ℃)$'&-",)25 ℃&#%	)15 ℃)3 !
'&2 ℃&&-+)(-
69











































































































































































































25 ℃→15 ℃ (8 hr) →2 ℃
2;)!516
N2-23 ℃' $&(17 ℃(4#&(%,)
)! [25 ℃→15 ℃ (0 hr, 3 hr, 8 hr) →2 ℃]".42/ ≥ 8"0
9:8:*SEM"3746
(+," *p < 0.05; **p < 0.01"
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N2-23 ℃' $&(17 ℃(4#&(%,)
)! [15 ℃→25 ℃ (0 hr, 3 hr, 8 hr)→2 ℃]".42/ ≥ 3"0
9:8:*SEM"3746
(+," *p < 0.05; **p < 0.01"
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C/& `25 ℃→15 ℃→2℃a CF@G
(A) 25 ℃.$15 ℃BRYV;:B2 ℃CL4<-C/
(B, C) 25 ℃?.$15 ℃B3+02K3D8+RYV9K@kqt-2
D*
BE>69KL8<1
(A, B, C) MUSN ≥ 121P\_X_DSEM1t (Welch) BIK"'&1 *p < 





























































5TDQBNHOKRkqt-27% (15 ℃→25 ℃→2℃)
(A) 15 ℃$
25 ℃6FMJ0/62 ℃7?*1#7%'
(B, C) 15 ℃4$
25 ℃63!&(=)88!FMJ.1#7%')/>
9	8;>5,21'
(A, B, C) @IGA ≥ 10'CPSLS8SEM't (Welch) 6:=' *p < 





























25 ℃15 ℃+3'"2 ℃,4%2*kqt-2(ok732)*kqt-
2(tm642)-"*.+/1.!$4(
&03)#
5:86 ≥ 11#7>?=?-SEM#9<:;	+/2# *p < 0.05; **p < 
0.01#
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Avoidance index = ΣWiNi/total
(Wi: -2.5 (#1)/-1.5 (#2)/-0.5 (#3)/+0.5 (#4)/+1.5 (#5)/+2.5 (#6) )
(Ni: 7C8C>
=1B)



















































(A) 25 ℃:*37(?15 ℃:*37(=@9-	=
4B1,087.	JFPO?EMK=$%
Q17 ℃→23 ℃→17 ℃R.
(B) EMKA>160-170 sec>10)> &>.EMK>?EMKA
>;.n ≥ 16.DMPIP?SEM.t
 (Welch) =AB#". *p < 





































































































































HDNM=CKI;'(O17 ℃→23 ℃→17 ℃P/
(B) CKIA<160-170 sec<11,<#)</CKI<"=CKIA
<"9/n ≥ 16/BKNGN=SEM/t
 (Welch) ;>? &%/ *p < 

















































(A) kqt-2 cDNAL2!GADLC0" ;>JD6ADLGF=JO[
QMX9<A725 ℃4&7VR^]HPZWF,-
_17 ℃→23 ℃→17 ℃`7
(B) PZWAG170-180 secG11#3G(.G7PZWG'HPZWAG
'D7n ≥ 257NZ^U^HSEM7t (Welch) FIJ%+*7 *p < 0.05; 













































































































(A) 25 ℃-15 ℃-;B?('-2 ℃.5$).!
(B, C) 25 ℃+15 ℃-3 "3#/8;B?&).!#'4
0
/24,%*)!
(A, B, C) 6><7 ≥ 11!9EHAH/SEM!t	 (Welch) -13! *p < 
0.05; **p < 0.01!
(D) 15 ℃25 ℃-;B?('-2 ℃.5$).!
(E, F) 15 ℃+25 ℃-3 "3#/8;B?&).!#'4
0
/24,%*)!
(D, E, F) 6><7 ≥ 7!9EHAH/SEM!t	 (Welch) -13! *p < 







































































































O12h17 ℃→23 ℃→17 ℃i@
(B) ZdaAP160-170 secP11'7P,3!P@ZdaP+QZdaA
P+M@n ≥ 16@Wdg_gQSEM@\cgXgYdVbgORS)0/@













































25°C→15°C (5 hr) →2°CB
21:ocr-1%ocr-2(
(A) 25 ℃	15 ℃'3"(
(B) 25 ℃$	15 ℃'5"(!.*),.&
 #"
(A, B) /420
 ≥ 1318979)SEM3645'+- *p < 
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15 ℃+3$( ,"#kqt-2,"%
'/-ocr-1+.)*&0(#1762 ≥ 8#3<=9=-SEM#
8;=4=5<2:=
























































OGUT@FRP>)*V17 ℃→23 ℃→17 ℃W2
(B) FRPA?140-150 sec?11 .?%+?	2FRP?$@FRPA
?$<2 n ≥ 172ERUNU@SEM2HMIK>AB"('2 *p < 








































































Z17 ℃→23 ℃→17 ℃[5
(B) LVSAC140-150 secC11"1C'-C5LVSC&DLVSAC&
@5n ≥ 185IVYQYDSEM5NUYJYKVHTYBEF$*)5 *p < 



























































!0	LGSR=FPM;'(T17 ℃→23 ℃→17 ℃U0
(B) FPMA<140-150 sec<11,<#)<0FPM<"=FPMA<"9
0n ≥ 170CPSKS=SEM0HOSDSEPBNS


































































Tb]H23g17 ℃→23 ℃→17 ℃h<
(B) Tb]AI140-150 secI11'8I.4!I<Tb]I-JTb]AI-F







































25 ℃.'15 ℃13$:?=,-%2(*3.5 cm.',-
kqt-2	.3#/2(6,-+)6 cm2
.
',-kqt-2	3& 0(26,-*7<;8 ≥ 8*9




















































25 °C→15 °C (3 hr) →2 °C
29F gcy-35	0%
25 ℃.$15 ℃/3";A?)+#0%& GCY-350
	.1%'*35)+&kqt-2	0%'
*31gcy-35	/2,-(4+&6=<7 ≥ 11&8DE@E1SEM&












































V17 ℃→23 ℃→17 ℃W5
(B) HROA?140-150 sec?11!2?(.?5HRO?'@HROA
?'=5n ≥ 185ERUMU@SEM5JQUFUGRDPU>AB%+*5














































 320 %$10 %$5 %)"'(!,#%5 %)"
'( -20 %)"'( +.$#,&02(%
4975 ≥ 9%6=><>-SEM%8;9:

























kqt-2#U20 %510 %55 %1&F3*?C2K4610 %G5 %1
&F3*?Ckqt-2#J:8E54K;-QTC6V]ZW ≥ 96






























gcy-35	420 %%10 %%5 %!*#()"-$&5 %!
*#()gcy-35	.20 %!*#()gcy-35	,/%
$-'13)& 5:86 ≥ 9&7>?=?.SEM&9<:;,02 



























820 %&10 %&5 %!.$+,#2%'
10 %/5 %!.$+,gcy-35; kqt-2"
1)(-&%2
*57,'9><: ≥ 9';BCAC3SEM'=@>?146 ' *p < 




























































3.5  cm "% !(+! $%
6  cm "' #$+! $$
52
3.5  cm "" '%+! *$
6  cm "& **+! ((
54
3.5  cm "" #$+" !$
6  cm "& *$+! (*
56
3.5  cm "" "$+" "!
6  cm "& '*+! *%
58
3.5  cm "" !%+" ""
6  cm "& $*+! *%
60
3.5  cm "! ((+" "*
6  cm "& $)+" !"
62
3.5  cm "! "&+" $!
6  cm "% )(+" #!
64
3.5  cm * (*+" %!




















KHR854_kqt-2_inner_fwd GAG AAT GCC GGA AAA TTC AA
KHR855_kqt-2_inner_rev TGG CAA TAA AGT GAC GCT TG
KHR856_kqt-2_internal1_rev GCG TAA ACG AGT TCT ATT TGC G
KHR1179_kqt-3_deletion_fwd GCT CGA TAC CGT AAC ATA AAG GAG
KHR1180_kqt-3_deletion_rev AGG AAT CCG ATG TAG AGA GTT GTG 
KHR1181_kqt-3_deletion_inter CGA CAT TTA GCA GGA CCA G
KHR2022_ocr-1(ok132)_fwd GAT GAA TTC GAT CAG GGA CAA GC
KHR2023_ocr-1(ok132)_rev TTT CCC GAT CCA TTT CAT CCA G
KHR2024_ocr-1(ok132)_inter_r TCT TTC ATC AAC GCT CCA TAC C
KHR2025_ocr-2(ak47)_fwd CAA GCT AGC ATT AGA ATG TGG AGC 
KHR2026_ocr-2(ak47)_rev  CCT GTC GTT TAT ACT CCA GTT GTG 
KHR2027_ocr-2(ak47)_inter_r GGC AAA TGC TTC CCA TTT CG
KHR2074_gcy-35_f TGG AAA ACT CCG CAA CAA CG
KHR2075_gcy-35_r GTT GAG CTT CCC AGT CTC GC






KHR1053_kqt-2_full_fwd GAT CAT GTC GAT GAC GCA ATG AG
KHR1054_kqt-2_full_rev CTA GCG ATC CAA TTG ATT TCC GTC
KHR1055_kqt-2_full_out_fwd CCA GTG GAA TTT TAT GCT TTC CGG
KHR1056_kqt-2_full_out_rev GTC AGG AGA TTT TTG GTT TCC TGG
Plasmid作成に用いたプライマー
プライマー番号 配列(5'-3') 用途
KHR1112_kqt-2cDNA_primer1_rev TCC GTT GCC TTT GAT TTC C
KHR1113_kqt-2cDNA_primer2_fwd GAC GAT GCC GAA GAT TCA G
KHR1114_kqt-2cDNA_primer3_fwd CAT TCT CAT CAT CCC AGC C
KHR1115_kqt-2cDNA_primer4_fwd ATG GTG GTT CAC TGC TGT C
KHR1116_kqt-2cDNA_primer5_fwd TCT ATG TTA CCG AGG AGC G
KHR1117_kqt-2cDNA_primer6_fwd GAA GTA GAC ATC AGC CTG C
KHR1118_kqt-2cDNA_primer7_fwd ACA AAG AAC CAT TGG ACC G
KHR1141_kqt-2_3UTR_infus_fwd CAT TAT CAC CAC GTG CGT AGA ATT CCA ACT GAG CG
KHR1142_kqt-2_3UTR_infus_rev CCC GCG GTG GCG GCC GAC AAG CTG TGA CCG TCT CCG
KHR1157_kqt-2_arti_infu_fwd GGG AAC AAA AGC TGG GTA CCA AGC TTC CTG CAG GGC ATG C
KHR1158_kqt-2_arti_infu_rev ATA TGG CGC TGA CGC TGC ATT CAA TGG TTT TTC AAG G
KHR1159_kqt-2cDNA_primer8_fwd CAC CTC TAA CAA TGA AAT TGT G
KHR1160_kqt-2cDNA_primer9_fwd CAA GTA TTG ATG AGC ACG ATG C
KHR1342_kqt-2_pro_4.5k_inv_f TGA CCT TCT GCT ATC ACC GAA CTC
KHR1343_kqt-2_pro_2.3k_inv_f TTC TCG AGT TCC TTC TTT CGA TCG 
KHR1344_kqt-2_pro_1k_inv_f GAC TTC GTT GCT CTT GAT CTC ACC


































pMSK029 kqt-2_1kb_promoter::kqt-2 genomic gene(1st-12th exon)::GFP
pMSK030 kqt-2_2.3kb_promoter::kqt-2 genomic gene(1st-12th exon)::GFP
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